Water is an important factor of production contributing to all sectors and regions in the world. With the rapid development of the economy and the increase of population, the water crisis is becoming more and more serious, and will become an important obstacle to the sustainable development of society. It is particularly important to evaluate the sustainability of water resources utilization. Based on the analysis of the regional water resources utilization characteristics, this paper takes 31 provinces in mainland China as the research object and comprehensively evaluates the regional water resources' sustainability from the aspects of hydrology, environment, economy and technology. The results show: From the regional perspective, the regionalization of China's various indexes is obvious, the hydrological and environmental indexes in western regions are significantly higher than that in eastern regions; while the economic index in eastern regions is higher than that in western regions. From the time perspective, from 2010 to 2015, the sustainable development of water resources in seven provinces showed an increasing trend. Zhejiang changed from "Good" to "Excellent" and Hubei, Hunan, Guangxi, Sichuan, Guizhou and Xinjiang all had slight growth. There are six provinces which show varying degrees of decline, of which Liaoning changes from "Excellent" to "Medium", Beijing, Hebei, Jilin, Guangdong, Hainan also had a slight decline; the rest of the provinces did not change, Qinghai and Chongqing have been maintained as "Excellent". Taken together, the western regions of China have significant advantages in terms of quantity and quality of water resources, but its water use efficiency is low. However, the economic development in the eastern regions is rapid with high efficiency of water use, but there are some serious problems such as water resources insufficiency and river pollution.
Introduction
Water is an indispensable basic resource for mankind to survive and is an irreplaceable natural resource for industrial and agricultural production and social and economic development [1] . On the one hand, with the acceleration of China's industrialization and urbanization, the contradictions between social and economic development and water resources and water environment become more prominent [2] . On the other hand, due to the backward technology of industrial and agricultural water use, the waste of water resources is serious; the deterioration of the ecological environment and water pollution have become increasingly prominent [3] . As a result, the contradictions between supply and
Data and Methods

Data Sources
The data required for this study include regional total water resources, population, total water consumption, regional river water quality and river length, regional GDP, regional research and development investment, and water conservancy environment investment. These data mainly come from "China Statistical Yearbook" [25] and "China Water Resources Bulletin" [26] .
Methods
Index Selection
In this paper, a total of five evaluation indexes are selected to evaluate the sustainable utilization of regional water resources, they are Hydrological Index (H), Environmental Index (E n ), Economic Index (E c ), Technology Index (T) and the Watershed Sustainability Index (WSI). The evaluation indexes are determined as follows:
The hydrological index is determined by two variables, per capita water resources (W P ) and water resources utilization rate (R). W P > 6800; 5100 < W P < 6800; 3400 < W P < 5100; 1700 < W P < 3400, W P < 1700 correspond to indexes for 1.00, 0.75, 0.50, 0.25, 0.00, respectively, and the evaluations are "Excellent", "Good", "Medium", "Poor", "Worst". R < 20%, 20% < R < 30%, 30% < R < 40%, 40% < R < 50%, R > 50% correspond to indexes for 1.00, 0.75, 0.50, 0.25, 0.00, respectively, and have the same evaluation from "Excellent" to "Worst". The final hydrological index is the average value of the two indexes. W P and R are calculated as follows:
where W P is the regional per capita water resources, m 3 /person; W is the regional total water resources, m 3 ; P is the regional total population; R is the regional water resources utilization rate, %; W u is the regional water consumption, m 3 . The environmental index is mainly determined by the river water quality. The river water quality is mainly divided into I, II, III, IV, V and below according to the criteria of water quality (Table 1) , and the corresponding water quality level index L i are respectively 1.00, 0.75, 0.5, 0.25, 0.00. Calculating the regional water quality index R Q with the weighted average method, then according to the top 20%, 20-40%, 40-60%, 60-80%, 80-100%, environmental index indexes are respectively 1.00, 0.75, 0.5, 0.25, 0.00, and evaluation is from "Excellent" to "Worst". R Q is calculated as follows:
where R Q is regional water quality index; L i is water quality level index; f i is the length of river with i level water quality accounts for the total length of the river. The economic index is mainly based on the comprehensive output value per cubic meter of water (V), and then according to the top 20%, 20-40%, 40-60%, 60-80%, 80-100%, environmental index indexes are respectively 1.00, 0.75, 0.5, 0.25, 0.00. Evaluation is from "Excellent to "Worst". V is calculated as follows:
where V is the regional comprehensive output value per cubic meter of water, yuan/m 3 ; GDP is gross regional product, yuan; W u is the regional water consumption, m 3 . The technology index of this paper is mainly determined by the per capita R&D funding (F P ) and per capita water environment investment (I P ) [27] . Per capita R&D funding according to the top 220%, 20-40%, 40-60%, 60-80%, 80-100% correspond to indexes for 1.00, 0.75, 0.50, 0.25, 0.00, respectively, and water environment investment according to the top 20%, 20-40%, 40-60%, 60-80%, 80-100% correspond to indexes for 1.00, 0.75, 0.50, 0.25, 0.00, respectively. The final technology index is the average value of the two indexes. F P and I P are calculated as follows:
where F P is the regional per capita R&D funding, yuan/person; F R&D is the regional investment in research and development, yuan; P R&D is the regional number of researchers; I P is the regional per capita water environment investment, yuan/person; I e is the regional total water environment investment, yuan; P is the regional total population. The Watershed Sustainability Index (WSI) is the average value of Hydrological Index, Environmental Index, Economic Index, Technology Index [28] . According to the top 10%, 10-30%, 30-70%, 70-100%, corresponding indexes are respectively 1.00, 0.75, 0.50, 0.25, 0.00, and the evaluation is from "Excellent" to "Worst". WSI is calculated as follows:
where H is Hydrological Index, E n is Environmental Index, E c is Economic Index, T is Technology Index.
Spatial Autocorrelation Analysis Method
The purpose of spatial autocorrelation analysis is to determine whether a variable is spatially relevant and reflects the degree of spatial dependence between the values of the variables geographically. The most commonly used method in spatial autocorrelation analysis is Moran's I [29] . This paper mainly uses the Local Indicators of Spatial Association (LISA), LISA cluster map categorizes the nature of the spatial autocorrelation into four types: High-High (H-H), Low-Low (L-L), High-Low (H-L) and Low-High (L-H) [30] . H-H and L-L are the observation of a phenomenon that appears high or low spatially, and the surrounding areas are also high or low, which shows a spatial positive correlation. H-L is areas with high observation and surrounding areas are low, L-H is areas with low observations and surrounding areas are high, which shows a spatial negative correlation. GeoDa software was adopted to conduct the local spatial autocorrelation analysis of evaluation indexes to explore their spatial agglomeration characteristics, so as to illustrate the characteristics of the sustainable utilization of regional water resources in China more directly and provide reference for the sustainable development of regional water resources. Figure 1 shows the spatial distribution of (a) hydrological index, (b) per capita water resources and (c) the water resources utilization rate of 31 provinces in mainland China in 2015. The regional differences in the utilization of water resources in China are obvious, there are only two provinces whose hydrological indexes are in the "Excellent" category, respectively, Tibet and Qinghai, which are both in the western regions. Ten provinces in the "Poor", the east regions, account for 8. The specific grades of each evaluation index in each province are shown in Table 2 . The per capita water resources in these provinces are far below the standard; their water resources utilization rate is more than 50%, even Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Ningxia and other provinces have all exceeded 100%. Here, Ningxia has an extremely high utilization rate of water resources because of the amount of water used from transit rivers.
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Interannual Variation Characteristics of Evaluation Indexes
Based on the analysis of the spatial distribution characteristics of each evaluation index in 2015 and combining this with the relevant data in 2010, the interannual variation characteristics of each evaluation index are analyzed. The results are as follows ( Figure 6 ): The hydrological index of most provinces remained unchanged. Only inner Mongolia has the trend of growth, the northeast regions show a downward trend. Nine provinces' environmental indexes were upgraded, most of them in the south. Only the environmental index of Xinjiang was declining and the environmental index in 
Based on the analysis of the spatial distribution characteristics of each evaluation index in 2015 and combining this with the relevant data in 2010, the interannual variation characteristics of each evaluation index are analyzed. The results are as follows ( Figure 6 ): The hydrological index of most provinces remained unchanged. Only inner Mongolia has the trend of growth, the northeast regions show a downward trend. Nine provinces' environmental indexes were upgraded, most of them in the south. Only the environmental index of Xinjiang was declining and the environmental index in the eastern regions have not changed; this shows that environmental pollution has not been significantly improved in the eastern regions. As for the economic index, there are still significant differences between eastern and western regions; the economic backwardness in the western regions of Xinjiang, Tibet and Gansu is not improved. Although most of the provinces' economic index have not changed, the comprehensive output value per cubic meter of water in each province shows different degrees of increase from the data. As for the technology index, the western regions show an increasing trend while the eastern regions show a downward trend. As for the comprehensive evaluation index WSI during 2010-2015, there are seven provinces that show an increasing trend, Zhejiang changed from "good" to "excellent" and Hubei, Hunan, Guangxi, Sichuan, Guizhou and Xinjiang all experienced a slight increase; six provinces show varying degrees of decline, Liaoning declined from "Excellent" to "Medium" with a larger decrease; the remaining 18 provinces remained unchanged in the WSI index; Qinghai and Chongqing have been maintained at "Excellent" level all the time and their sustainable development has been better. declined from "Excellent" to "Medium" with a larger decrease; the remaining 18 provinces remained unchanged in the WSI index; Qinghai and Chongqing have been maintained at "Excellent" level all the time and their sustainable development has been better. 
Discussion
Distribution Characteristics of Evaluation Indexes and Research Limitations
The water resource system is an entirety with complex internal relationship. Its evaluation and management should emphasize complexity, systematization, synergy and integrity. It is too onesided and unconvincing to evaluate the sustainable use of water resources from the aspects of water endowment or water quality. Figure 7 shows the rank distribution of the evaluation indexes for the sustainable use of water resources in all 31 provinces in mainland China. The eastern provinces, such as Shandong, have quite high economic and technology index rankings, but their hydrological and environmental index rankings are far behind. Therefore, the most urgent problems to be solved in these regions are per capita water resources and river water pollution. The first problem to be solved is the population problem in the big cities; second, limiting the irrational use and waste of water resources; and finally promoting green development and striving to resolve the outstanding 
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The water resource system is an entirety with complex internal relationship. Its evaluation and management should emphasize complexity, systematization, synergy and integrity. It is too one-sided and unconvincing to evaluate the sustainable use of water resources from the aspects of water endowment or water quality. Figure 7 shows the rank distribution of the evaluation indexes for the sustainable use of water resources in all 31 provinces in mainland China. The eastern provinces, such as Shandong, have quite high economic and technology index rankings, but their hydrological and environmental index rankings are far behind. Therefore, the most urgent problems to be solved in these regions are per capita water resources and river water pollution. The first problem to be solved is the population problem in the big cities; second, limiting the irrational use and waste of water resources; and finally promoting green development and striving to resolve the outstanding environmental problems. Huang, et al. [31] and Leng, et al. [32] proposed a system optimization method for evaluating the sustainable development of water resources in Shandong province. It is suggested that Shandong should strengthen the ecological construction and sewage treatment efforts, which confirms the research results. The western regions such as Tibet, Xinjiang and Qinghai have the highest hydrological index and environmental index, but the economy and technology are relatively backwar; these regions need to conduct industrial upgrading, improve their investment in science and technology, and increase the input-output benefit of water resources, while at the same time preventing over-exploitation and water pollution are necessary. Liu, et al. [33] constructed a comprehensive evaluation index system for the sustainable use of water resources. Due to the inefficient use of agricultural irrigation water and the high difficulty of development and utilization of water resources, the provinces such as Guangxi and Tibet are classified into low-development groups in terms of sustainable development. This is basically similar to the results of this study. In northwestern regions such as Gansu and Ningxia, the rankings of the four indexes all fall behind. For such regions, firstly, the extent of water resources development must be strictly limited to the allowable limits; secondly, they must develop the non-water consumption industry, improve the utilization efficiency, and finally it is important that they resolutely prevent and control water pollution, protect water quality and fundamentally improve the ecological environment. For Sichuan, Chongqing and other regions, all their indexes are at an average level, this requires them to be on the premise of development, committed to the adjustment of industrial structure and the rational development and effective utilization of water resources. Tong, et al. [34] used the Principal Component Analysis (PCA) method and DEA model to evaluate the ability of China's sustainable use of water resources. It was found that the higher the level of urban development, the worse the quality of water environment-there is a negative correlation between the two, which further indicated China has not yet fully transformed from an extensive economic growth model. The conclusions are similar to those presented in this study.
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The research carried out in this paper also has some limitations. In the choice of methods, due to the limitation of data, four dimensions of evaluation indicators were selected, but each indicator contains only 1-2 original variables; this means the indicator may not be fully supported, and the indicator definition and calculation method are relatively simple. The representativeness and scientificity of the evaluation indexes need to be further improved in subsequent studies. In addition, in order to obtain more comprehensive evaluation results, the next step needs to conduct a key study of the multi-time series of sustainable water use levels in China. The research carried out in this paper also has some limitations. In the choice of methods, due to the limitation of data, four dimensions of evaluation indicators were selected, but each indicator contains only 1-2 original variables; this means the indicator may not be fully supported, and the indicator definition and calculation method are relatively simple. The representativeness and scientificity of the evaluation indexes need to be further improved in subsequent studies. In addition, in order to obtain more comprehensive evaluation results, the next step needs to conduct a key study of the multi-time series of sustainable water use levels in China. Figure 8a ,b shows the spatial autocorrelation analysis of per capita water resources and water resources utilization rate. In terms of per capita water resources, only Inner Mongolia is H-H agglomeration, most of the southern regions are H-L agglomeration and most regions of central China are L-H agglomeration. As for water resources utilization rate, Gansu, Ningxia and eastern provinces are H-L agglomeration and most of the southern provinces are L-H agglomeration. The main reasons may be: Natural causes such as special geographical location and complex climatic conditions; some human factors such as extensive economic growth mode; the rainfall in the south is more abundant than the north and the water resources consumption in central and eastern regions is relatively large. Figure 8c is the spatial autocorrelation analysis of the river water quality index. Only Beijing is H-H agglomeration. Most of the southern regions are H-L agglomeration and the northern provinces are L-H agglomeration. The reason may be that Beijing's environmental governance system is more complete and its ecological investment is relatively higher. However, the southern provinces such as Yunnan may be due to relatively backward economic development; their natural resources and ecological environment have not been seriously damaged, so the river water quality level is relatively high. Inner Mongolia, Shaanxi, Liaoning and other regions have poor river water quality, which may be due to these areas paying more attention to economic and agricultural development, while paying less attention to the environmental pollution caused by economic development. Figure 8d is spatial autocorrelation analysis of the output per cubic meter of water. Guangdong is H-H agglomeration and the provinces of Shaanxi, Chongqing and Huang-Huai-Hai Plain areas are H-L agglomeration. The reason may be that the economy of Guangdong Province is relatively developed, its technology input and production efficiency are higher, and therefore its efficiency of water use is relatively high. Shaanxi and Huang-Huai-Hai areas may be due to more emphasis on agricultural development and having more advanced agricultural technologies so the water utilization efficiency is higher. Figure 8e ,f shows the spatial autocorrelation analysis of per capita R&D funding and per capita water environment investment. Two variables in Shaanxi, Henan, Hubei and eastern coastal cities are higher, probably due to these regions having water conservancy research institutes, thereby they pay more attention to water resources development, utilization and protection with strong theoretical and financial support. R&D funding in the western regions such as Xinjiang, Tibet, Qinghai and Gansu is relatively less, which may be affected by factors such as geographical location, traffic and economic level, which causes the development and protection of water resources to be restricted.
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Conclusions
This paper takes 31 provinces in mainland China as the research object and comprehensively evaluates the regional water resources sustainability from the aspects of hydrology, environment, economy and technology. The main conclusions are as follows: Figure 8 . LISA cluster map of (a) per capita water resources, (b) water resources utilization rate, (c) river water quality index, (d) comprehensive output value per cubic meter of water, (e) per capita R&D funding, (f) and per capita water environment investment.
This paper takes 31 provinces in mainland China as the research object and comprehensively evaluates the regional water resources sustainability from the aspects of hydrology, environment, economy and technology. The main conclusions are as follows:
From the regional perspective, the regionalization of all aspects of the evaluation indexes is obvious. The hydrological and environmental index in the western regions are significantly higher than that in eastern regions, while the economic index in eastern regions is higher than that in western regions. This also indicates that the western regions of China have prominent advantages in terms of quantity and quality of water resources, but their efficiency of water use is not high. The eastern regions have a high level of economic development and higher water use efficiency, but there are some serious problems such as water shortage, river pollution and other environmental issues. The original data of each evaluation index shows a certain agglomeration law in spatial distribution: The amount of water resources per capita shows a trend of south is much and north is less, and there is a higher dependence degree among regions. The south is superior to the north in terms of river water quality. Areas with high output per cubic meter water are concentrated in the central and eastern regions, and Guangdong's economy is relatively developed and drives economic development in the surrounding areas. Shaanxi, Henan and Jiangsu have invested more in R&D funding and water environment. The results of spatial autocorrelation analysis have confirmed the spatial distribution law of each evaluation index.
From the time perspective, during the period from 2010 to 2015, seven provinces showed an increasing trend of water resources sustainability, Zhejiang changed from "Good" to "Excellent" and Hubei, Hunan, Guangxi, Sichuan, Guizhou and Xinjiang all showed slight growth. Six provinces showed a certain degree of decline, among them, Liaoning changed from "Excellent" to "Medium", with a big decline. Beijing, Hebei, Jilin, Guangdong and Hainan also had a slight decline. The remaining 18 provinces did not change. Qinghai and Chongqing maintained at "Excellent" level; their degree of sustainable development is better.
